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J. Dmglas Balcmb, James C. Wstrm, and Joseph F. perry, Jr.
LOS Alanm National Laboratory

Los Alamos, New Mexico .97545

ABSTRACT

The heating performance of the Balccmb
passive solar hone is re-evaluatKl based on
detailed review of 85 chmnels of data
taken Curing six weeks of 1980. This led
to a re-analysis of 176 days of data taken
over the winter of 1978-79, Auxiliary heat
tiring this winter was 7.4 million Btu
which canpares with 65,0 million Btu total
heat losses fron the hwse plus 46.4 million
Btu losses fran the gree~ouse. Auxiliary
best predicted using the Wlar 10ad ratiO
methcd is 8.1 million Btu. Solar savings
are estimated as 57 Million Btu. Gma
thermal cunfort conditions are documented.
Energy flow; are tabulated for each month.
Conclusions regarding detailed heat flow
and storage in the hcuse are presented.

1, INTRCDIXTION

The Balcanb mlar home 1s located in Santa
Fe, New MIEAiCOat an ●levation of 72W
t’eet , Winter ccmdlLions of 6W0 heating
degree days ere characterized by low
periods of sunny :Old Wather interrupted
by cyclonlc storms which bring ClOudlneSS
8nd a~reclable snowfall. The house is
primarily a passive design of the attached
sunspace type Md was designed ana built by
Susan wld Wayne Nichols in 1976. Floor
plans and a section are shown in Fig. 1.
The total livi~ areaof 1953sq ft is
divided betwen an Umer end 10Wer floor
both of which abut a MO sq ft, two-story
sunspace on the s.mth. The htme is well
insulated with R25 (frmIe) exterior walls,
R25 ceiling, double glazing, and a masured
total infiltration leakage aretiof 0.97 sq
ft, resulting in m overall masured loss
cwfficlent of 1069U Btu/lXl fOr the house
end 5B50 Btu/El for the grearhmse.

Solar glazing on the gree~ouse is 24
fixed, cbuble glass sealed wits totaling
273 sq ft at a 50° tilt md 136 sq ft
vertical, both oriented 11° wst of trw
SCJth. Additional house ~i=zirq As 175 sq ft

SUNSHINE

Fig. 1, Plans Md SW-K Section

~u~rforirad Lf?cbr the auspices of the US Oepartfrmnt of Energy, Office of solar
Applications for Buildings.



distributed approximately miformly between
SE, NE, w and SW orientations. Heat
storing mass is primarily in m minsuleted
adobe wall which separates the greerhol)se
frcnn the house, in two rock bms mderneath
the dining roon and living roan floors
(actively charged by two t’ans which draw
alr frtrn the greenhouse), in the plaster
walls and wood ceilings of the house, and
in the greenhmse floor.

A more Ccrnplete description of the ho’Jse is
given in Refs, 1 and 2. A detailed Los
Alamos report will be published describing
the data, the analysis methods and the
basis for the conclusions.

2. PREVIWS EVALUATIONS

A major evaluation of the house for the
period Novenher 1, 1978 - April 24, 1979
was reported in Ref. 3. As a result of
mcertainties which developed during this
data analysis, much more detailed infor-
metim was obtained during a six-week
interval in the spring of 1980. Sane
results of the evacuation of this later
data have been reportad in Refs. 4 and 5.

3. OATAPNALYSISMETHCI)S

Hmrly solar radiatlcm measurements taken
in a horizmtal plane #ere separatea into
direct and diffuse canponents usjng the
E!aes’ correlation and then reassemble
into solar radiatim incident on eachof
the six glazlng planes in the hmse. Glass
transmittance was calculated using the
Fresnel relat! nships and a typical t?x-
tinctlcm cmfricient. Gromd reflectio,l
was taken as 0.3 without snow and 0,7 with
snm cover, An overall heat loss coeffi-
cient for tne house was determined during e
16-day pericd in Decenber 1978 based on the
total electrical plus solar energy and the
integrated degree hmrs for the house ana
greenhouse. The measured heat loss coeffi-
cient is 3% lower than the calculated value,

Daily energy flows were calculated for thu
f’ollowlng elements:

● Heat flm through the adobe well
which separates Lhe house frcrn the green-
house was calu~leted hcurly using a dyn8miC
msthcd described in Ref. 7 based m teTlper-
ature measurements mede at the imer and
wter wall surface et thraa locetluns in
the IlfqIer Md lower WallS.

● Convection t?i~gh the doorways which
seperetc t+e house frun the greenhouse was
determlnadhmrly uslrq a c rrelaticm vall-
deted b Weber and Kearney.

i

8 These values
were ca culated separately for the lower
floor, the center tiedroun upstairs, and the
end bedroans upstairs.

● Heat storage in the plaster walls ana
also in the wood roof beams mo furniture
of the hmse was estimated hourly based on
air temperatures IEasured Downstairs, in
the center bearoom, ano the ena beorwms.
This analysis was crone with a simple oynam-
ic nmdel which has been valiaateo Oaseo on
the Oetailed data taken in 19t10.

● Heat requireo for the evaporation of
water fran plants and other sources of
water within the hwse was estimatea. This
evaporation rate has been founa to corre-
late well with the average greenhwse tem-
perature md averages approximately 55 lb
of water per day corresponding to en energy
requirement af 57uOO Btu per oay.4

o Heat transported by the fans from the
gree~ause to the rock beas, heat flow up
thrwgh the floor slabs covering the rock
beds into the aining rcom and living roam,
and heat flow into the grouna underneath
the rock beds were calculate using a pair
of cou~led twa-dimensio~l Tuaels, one fOr
the rock beds end another for the heat flow
into the grwncl, arouno and thrwgh the
perimeter insulation ana up thrwgh the
north berm, These rroaels have been par-
t!.ally validated by cunpaxison with both
the 1978-79 ana the 1950 aata.

● Heat Qe???atea by a w1l wuoo-
burning stove was estimatea based on the
hourly average flue gas temperatures using
an empirical correlation Oetermineo wring
a cantrallea burn.

o Heat flow from the water heater tr
the hcuse was estimatea as 117W Btu/oay
plus 25.%of the electrical energy into the
watel heater. (During most of the analysis
period t-he solar water h.dter was shut mwn
far nmalficatlons. ) People heat is esti-
mated as llWU btu/aay.

Two acmitional major heat flows accur oc-
casionally which c.uld ~t be alrectly
estimated: 1) heat from a fireplace in the
llvirq roam; and, 2) heat ventea from the
house by deliberate apening of doors ana
windows primarily during the ninths af
November, March, and April, 5ince all of
the other energy flows in the house can be
reasonably well estimated, these mknown
energies can be inferrer! frcnn the resloual
energy imbalance of the hause. The pro-
cedure us(’d WPS ta compute a runlllng inte-
gral of thi~ imbalance ana attrlhute any
excesses over 150UC)Ubtu ta either the
fireplace (lf the ~balance is Wgatlve) or
to vmting (if the unbalance 1s pasitive).
The mly validatlan o? this approach 1s to
rmte that the occurrences of this prealc-
tian Caincicle quite retisonat.dy klth times
when both fireplace burnlnu ana ventlnQ
were knawn to occur and that the total
flrepiace energy is a reasonable value
bu~ed an tne quactity of waaa burnea.
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4. RESULTS

4.1 Energy Balance

Althc@ the overall energy performance of
the house is virtually the sw as reported
in Ref. 3, some significant differences
were fould in the internal energy flows,
especially in the rock bed. It was also
possible to better resolve various ,Ieat
flow and storage terms. Monthly and mnual
er)ergy flows are given in Table I and a few
are summarized in Fig. 2.
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Fig, 2. Monthly Energies

In order to estimate energy savings the
concept of a “useful load” was developed,
TIv? “useful load” 1s conput~ based on the
degree h(mrs cmmputed between the measured
house or greetiouse temperature end the
outside tmr!perature, hut degree hcwrs above
an arbitr6ry fixed reference ternperaturp
are discarded. Thw otts does not count as
useful load my ec+rgy required to keep the
space above the fixed reference level,
which was set to 70 F for the house and 45 F
for the gret’rhouse.

The “heating requirement” for thO house is
the useful lead minus the inter al energy
generaticm by lights, people, wdter heatetr,
and a~llance!+. “Solar savings” is the
heating requirement minus the auxlllary
heat md total:; 57 million Btu for ~he year
or 89% of the heating requirement,

4.2 Thermal Canfort

Plots of the hm,rs of occurrence in each
olu-degree t~elature bmd are given in
Fig, 3 for the dining roan .md greenhouse,
The effect of mea!; wall bufferirq is very
e~arent in the d~nhlg roan which has a
small doily tmperllsture swing of oily 5 to
6 F. By contrast the mcontrolled green-
house space has large tunperature swlrigs
(30F typical) clearlyshowingthe two-zone
mture of the house.
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Fig. 3. Room Temperatures

6. COhlCLUSIOl:S.— .

● The overall performance of the hw~e
has been extraordinary. It has provioeo
gax! comfort ccntiitions irl a cola climate
with ve~y small requirements for auxiliary
heht, Operation is simple ana reliable,

o The greenhouse 1s m effkient solar
collector, Approximately 31% of the solar
radiation trans,rdttea into the greenhmse
is subsequently transferred t~ the house.
In addition the greenhuse 1s adequately
heated, Imlntaln,ing conditions well above
freezing, wlthcut auxiliary F,eat, A
crlticaJ, design fl?aturm which leacls tu
greerhcuse effectiveness is the ability tw
thermelly isolate ‘he hmse frcm, the
.Jreerhcujse by closing mors.

o The predominar t rnde of heat transfer
bet’we?n the greerhoute ancl the house 1s by
CWIVeCtlOfI thrwgll cklorways which are
opened during the Cl@ytir@. Tna fact that
the greenhouse serves ES a major trafric
area 1s lrportent to the effectivewss of
this control nmchanism, Typlral ccmvectlon
thrmgh s ooorw~y 1S 3W0 fitu ~ a sunny
day for the upstairs b[drooms and 23000 Btu
for thn cbwnstairs; this difference is ~
to the slightly-colmr room temperatures



TABLE I

RBtu for Salcomb Rouse, 1978-19

solar Gains
Houne
Greenhouse

HCat LO#S@S
Houme
Creenhoume
Evaporation
Greenhouse to Ground

Useful Load
Hou8e
Grcenhoume

Vented Ermrqv

Auxiliaries
Bameboard Electric
Stove
Fireplace

Internal Gainm
DHW Betained
Peovle
Other Electric

Greenhouse to HOU.9e
Convection thru Cpen Ooorwayo
Conduction t.hrouqh Doors
Adobe wall

Stairwell wall
Forced Convection to Pochbad

Rockhed
Upward throuqh Floor
Downward into Ground
Other Rockbed Loo Ben or Gains

Heatlnq Peauired

Solar Savlnab

SCLRF LOBn PPTIO PPEDI17TION

Auxiliarv H@mtPrcdlcted
Ausillar}- Haat Obaervod

SVEPACF TEPPFPATUPF’S (F)

Dlnlnq ROW
Hamt BQdrmm
Canter Bcdrocrm
Creenhoume
(Tutside Ambient
Rock bed
Floor Surface ●bove pock bed

N(JV 1, 1970 10 AFX 24, 1979

WV

13790
2360

11430

16628
9509
4697
1772

570

12652
9506
3146

1503

563
262

0
301

3779
752
324

2703

3444
2513
-177

405
-112

8oCI

eo9
491
311

7

8073

8310

417
561

67.7
68.5
65.1
64.8
30.1
74.5
69.2

DEC

15416
2490

12926

22402
13916

6420
1564

574

1C799
13914

4085

0

2379
E94
302

1183

46@5
020
334

3531

4356
3709
-287

424
-240

750

750
366
330

54

14114

:1735

2320
2379

67.4
65.7
61.7
61,5
26.2
72.4
6LI.6

JAN

1571b
3114

12604

22027
14625

6533
1159

510

19907
14625

5362

491

37?4
1193

273
2268

3065
729
334

2002

2596
2397
-347

350
-414

610

610
365
271
-26

16122

123.98

3927
3714

65.7
63.0
59.6
57,6
22.2
69.9
66,7

FI!B

19BO0
3941

15059

20043
11632

5968
1010

633

15662
115.99

4073

3675

524
222

30;

3392
593
302

2497

5069
3550
-187

553
-27

1100

11.90
479
492
209

12270

11?46

951
924

60.3
70,1
67.1
66.4
11.4
75.5
70,0

MAR

10265
3593

14672

10407
lo3n7

5364
20B2

654

13548
10104

3444

3752

230
119

0
111

3663
442
334

28.97

3237
2504
-107

210
-s!3
793

793
375
369

29

9@.85

9655

416
230

69. C
71.7
69.0
67,1
19.6
73.0
70.2

r — Va7amn 11.4

1
I

6oLAn (l AIll 77.7—. —— 2
DIuRNAL momaE 1 $.0 # “

/ WALLS, ~r t PUANIBHIIKM

CVAPOMTION 10,0—
-— 16.9

WJNLIT AU3B~ WALL

VL)NVWTI, IN T14RU WRO

KmOUCTION T14RU mOM ~

STAIRWELL HALL -

PORCtD CONVECTIOM 4, !

AP R

13224
3059

10165

11996
6403
3315
1676

522

B652
6300
2352

3995

27
27

0
0

2740
275
259

2206

3075
2251
-111

211
-38
762

762
297
363
102

5912

5885

59
27

69,4
70.2
70.0
60,1
44.9
74,4
70,5

YEAR

96217
1s559
77658

112394
66555
32307
10066

3466

B9309
66041
2326.9

13415

7457
2710

576
4163

22133
3614
1090

16629

21705
16932
-1290

2155
-411
4907

4907
2375
2159

373

67i76

59719

8092
7.i57

6?,9

60.2
65.4
64.2
33,6
73.4
69.2

AUXILIAOV
—?mmrc--;’:+

~TWF 0.6
FIUEPIACI 4, I

k-“
~ INTEWAL HUT 2?, O

:C
PEOPLE 1,0
O!ni 1,s

LIoLAR wIN 10.6
mu6- —m
~“m

cxcaca 03

t,,, O’?klt R LOIB 0.4



and higher greenhouse temperatures up-

stairs. The typical driving AT upstairs 1s

15 F. tich of this hl?at goes to satis-
fying daytk 10sds but about 40% is stored

in plaster walls, wood-beamed ceiling, and

hwse furnishings.

● The primary importance of the massive
atie wall between the house and the green-
Ilouse is for direct-gain storage in the
greenhouse. Mast of the heat absorbed by
the wall is releasd back to the gree~ouse
at night md is essential to maintaining
reasonable temperature cmditions in the
greenhouse. The amomt of beat transmitted

through the wall to the house is 1.9 million
Btu for the year. This effect is larger
upstairs tie to less shading of the wall,
slightly lower roan temperatures, and a
thimer wall (10 inches vs 14 inches

downstairs).

● Heat storage in the plaster walls,
wood-beamed ceiling, wci furnishings of the
house is significant. Carryover heat frun
one day to the next is observed on 89 of
the 176 days of the analysis period,
averaging 49203 Btu per day. Oiurnal heat
storage (heat stored wd released during
the same day) orxurs nearly every day and
averages 898C13Btu per day.

8 The effect of water evaporation in
the greenhouse is significant in improving
the living quality by increasing the hwnid-
ity lnco the X4%to !33%cmfort range but
this 1s at the expense of about 57CCQBtu
per dsy of energy.

● The rock bm definitely aFpe&rs to
have a positive effect on tne heating and
especially the canfort characteristics of
the house altlm@ less than originally
estimated. Abwt 53% of the heat deposited
in the rock bed 1s ccmhct~~ up thrcugh the
flcur slab into the living area. lne
remaining 4Z4 is ccmticted into the gromd
mksrneath the rock bed (theperimeterof
the rock bm iS insulatm with Z inches cf
form but it is not insulated mdsrneath),
The averdge flcnr wrface turperature above
the rOCk bed is 69,2 F tiich Canpares with
~ F measured on the floor well away frun
the rock bed, The beneficial effect of
this increase in flcgr temperature allows a
decrease in air temperature of the roan of
about 2% in order to rrmintain equivalent
comfort cmditions, It is also l.nportant
to note that h-t would be last frcsn the
flmr even if the rock beds were not
present, The net benefit of the rock bad
to the house is estunatm 8s XJGWBtu per
day or 5.3mlllMBtu per year ctilnlng
the direct md tw indirect effects,
Another benefit of the systun 1s the 10 to
15 degree Itictlcm in greenhouse tanper-
aturos observal when the fm 1s aperatw.
As cltscussw in Ref. 5, reversethermosl~m

frcm the rock bed to the greer!hwse carI sig-
nificantly impair the effective performance
of the system; backdraft dampers prevent
this degradation.

o Sumnerweather in Santa Fe is mild
with large diurnal swings. Maximun house
temperatures are 82 F upstairs arm 78 F
downstairs withwt air conaitionlng. Over-
heating hich might be causea by the green-
house is prevented by sun control, gmo
ventilation, and night-vent Ceding of the
large hwse mass. The greenhwse roof ano
second-floor balcony effectively shaoe the
adobe wall. Cross ventilation ana stack
ventilation rerrmve excess heat.

7. PREDICTIONUSING SLR KTHIXI

The nmthly solar load ratio (SLR) methoa9
has been used to estimate auxiliary heat
based on the actual observeo solar radia-
tion and net heating requirements. TIie
house was treated as a mixture of semi-
encloseci Sun:pace (to account for the
greenhouse) and direct gain (to accomt for
the SE, SW, NW, end M house Winmws). The
predicted annual auxiliary n,’it requireo is
8.1 million Btu, in excellent agreement
with the observed 7.4 million 13tu. kkmthly
val~.s are given in Table 1.
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